Objective: It is the aim of this paper to estimate the provider's cost of treating paediatric cases of Malaria in a rural African hospital. Furthermore, we intend to give some insights into the possibilities of improving the efficiency of treating children with this disease in order to support policy makers in the resource allocation process. Methods: The cost analysis was done in the district hospital of Nouna, Burkina Faso. Based on a comprehensive cost-of-illness information system, the cost of treating paediatric Malaria in the district hospital in the year 2005 were estimated using a combination of topdown and activity-based costing. It divides the entire treatment process into a set of activities along the clinical pathway and allocates monetary values for the resource consumption to each activity. Results: The average actual provider's cost were 6.74 US$ for a paediatric outpatient with Malaria, 61.08 US$ for a paediatric Malaria inpatient with anaemia and, respectively 74.29 US$ for a case of paediatric Malaria with neurological affection. 54% of the cost was due to laboratory work. This high unit cost was mainly due to a severe underutilisation of the hospital capacity. The current cost recovery rate per case was between 18% and 43%. It would be between 32% and 73% if the occupancy increased to 80%. Conclusion: The paper demonstrates that detailed costing is possible in a district hospital in rural Africa. The unit cost seems to be extra-ordinary high and the share of laboratory cost is tremendous. However, this is mainly due to a very strong underutilisation of the existing capacities. This fact calls for intensive efforts of the management of the institution to attract more patients by improving the quality of services and in particular the satisfaction of the patients.
INTRODUCTION
Malaria is one of the most common diseases and a major obstacle for economic and human development in sub-Saharan Africa (SSA) [1, 2] . In particular children in this region suffer from high morbidity and mortality caused by Malaria [3] . For instance, in Burkina Faso in the year 2005 54.94% of the hospitalisations of children under the age of five were due to Malaria and the disease was with 57.29% the leading cause of death of under-five-years-olds [4] . In the health district of Nouna in the North-West of Burkina Faso Hammer et al. [5] analysed the causes of mortality for children and found that Malaria was the most frequent diagnosis (42%) in this district for the years analysed (1999 to 2003) .
Although the magnitude of human suffering due to Malaria is well known and a wide range of research about Malaria prevention and effective treatment is ongoing, there is very little knowledge about the cost of treating Malaria in hospitals. Compared with the magnitude of studies on the epidemiology of Malaria in SSA, the number of studies focusing on the cost of this disease in hospitals is extremely low. Provider's cost per paediatric inpatient were estimated at 86 US$ (user fees 43 US$) in a tertiary hospital in Senegal for the year 1996/97 [6] and at 57 to 105 US$ in a district hospital and 33 to 44 US$ a sub-district hospital in Kenya for the year 1993/94 [7] . Recently, Ayieko et al. [8] estimated provider's cost of treating paediatric Malaria in district hospitals in Kenya between 47 and 75 US$ for the year 2005 without distinction between mild and severe cases. In the Ivory Coast total user fees for a hospitalised paediatric Malaria inpatient were estimated and resulted in 15 to 40 US$ per child [9] .
The majority of studies build on a snap-shot cost analysis in the hospitals and not a routine costing system. There is an urgent need to determine the cost-of-illness of Malaria and in particular of the cost of Malaria pa-tients in hospitals in this region based on a professional routine cost-of-illness information system. This paper intends to contribute to the process of filling this gap. The motivation for this research is based on the conviction that proper resource allocation and an efficient roll-back of Malaria will only be possible if we know the cost of this disease so that managers can make informed decisions. The scope of the paper is limited to paediatric Malaria in Nouna district hospital, Burkina Faso. This example was chosen because a comprehensive cost-of-illness information system was established in this district in 2003 and Malaria has been an international research subject in this region for many years. The cost-information system covers direct and indirect cost as well as cost of first-line facilities and the district hospital. The methodology of the information system and the basic costing results were described elsewhere [10, 11] . The restraint to paediatric cases seems appropriate as the majority of grown-up Malaria patients already have semi-immunity and are generally treated as outpatients in rural health centres.
For this paper we used the existing cost information system and extracted the cost of treating paediatric Malaria patients in the district hospital to calculate provider's cost per patient. Consequently, the second section of this paper describes the costing methodology based on the actual patient's pathway in Nouna district hospital. Section three presents the results and section four discusses the consequences of these results for the hospital management. The paper closes with a few conclusions.
METHODOLOGY
The methodology applied for calculating the treatment cost of paediatric Malaria patients in the district hospital of Nouna is a combination of top-down and activitybased costing.
The top-down costing methodology was first developed for commercial commodities where up to 90% of cost is variable (e.g. cost of materials) and the rest (overheads) can be allocated proportionally to the costing units. This costing methodology has also been applied to hospitals [12] [13] [14] . A common approach is to divide the total cost of the institution by the number of patient days in order to determine the cost per patient day. The cost per patient is computed by multiplying the length of stay by the average cost per patient day.
However, up to 80% of total cost of hospitals is fixed and does not vary with the number of patient days. Therefore, allocating fixed cost to the diseases and patients according to the length of stay induces a severe error. In particular, the top-down approach does not allow any judgement on the impact of increased or decreased work load of an institution as fixed cost are proportionalised. Also, the methodology does not allow to distinguish patients with different diagnosis at the same ward and often gives only a rough picture of the real cost of a patient with a specific diagnosis.
Therefore, advanced costing methodologies have been established for the service industry and in particular for hospitals. They divide the entire treatment process into several activities or sub-processes and calculate the total cost of a particular patient or diagnosis by adding up the cost along the clinical pathway [15] . This activity-based (or bottom-up) costing has become a standard in the developed world [16] [17] [18] , but it is hardly applied in hospitals of developing countries as it is quite detailed and requires a degree of precision of documentation and recording that is frequently not existing in these countries [19, 20] .
In a nut-shell, the top-down costing approach is faster than but not as precise as the activity-based costing. On the other hand activity-based costing requires very detailed cost information which is hardly available in developed countries and even less in developing countries. Consequently, a combination of top-down and bottom-up costing was chosen to calculate costs at a paediatric ward for the specific diagnosis Malaria with the available cost data. This mixed approach has been applied to similar problems before, e.g. [21] .
The first step was the analysis of the existing costing data. The provider cost information system has been established in the hospital since 2003. As for standard step-down cost analysis cost centres were defined, with the difference, that any department directly in contact with the patient (e.g. ambulance, laboratory) was defined as final cost centre. The only overhead cost centres were laundry service and technical service. Cost for overhead cost centres were allocated to the other cost centres (e.g. administration, wards, laboratory etc.) according to the workload and added to the cost per service unit of a particular cost centre (e.g. cost per laboratory test). Intermediate cost centres were not defined as all other cost centres provided services which could be directly linked to the patient. Within each of the final cost centres a variety of products were defined, e.g. at the laboratory 44 different tests. Cost for each of them were calculated by the ingredient's approach, where the final price is the product of the quantity of inputs used and their value per unit [22, 23] . This means that wherever possible cost were directly allocated to a specific laboratory test (staff costs per minute, equipment, consumption material) only overhead cost (electricity, building etc.) were divided by the total number of laboratory tests as in a top-down analysis.
The second step was the design of a standard pathway of paediatric Malaria cases in the hospital. For this purpose, we analysed 40 files of respective in-and outpatients of the year 2006 with Malaria as diagnosis. In addition, we interviewed the personnel in charge (physician, nursing officer, head of laboratory, drug seller, head of technical service, chauffeur, head of laundry) to triangulate the findings [24, 25] . Finally, direct observation provided information of workload and material consumption of procedures (ward round, laboratory tests etc.). The fact that we chose patient files from 2006 was due to a lack of reliable files for 2005. However medical staff reassured us that there had not been major changes in treatment during this period. Based on our findings a standard pathway was developed in accordance with the guidelines for Malaria treatment for Burkina Faso [4] and of the World Health Organisation [26] . The comparison with these guidelines seemed appropriate as we suspected under-provision due to patients' financial straits. Possibly, treatment is sometimes abandoned before its time as the patient runs out of money. It was however our intention to estimate cost for a complete treatment. The third step was to calculate the total cost per patient by summing up the cost along the clinical pathway.
In addition, total user fees were calculated. As patients have to pay fees for particular services, the total fees were calculated by adding up all user fees along the standard pathway.
The cost of treatment in rural health centres, the cost of pharmacies, private transportation and indirect cost (such as cost of food, accompanying family members, lost labour time etc.) were not considered. Drug cost within the hospital were only considered when directly associated with Malaria and its complications, e.g. anaemia. Antibiotics, vitamins and others were left aside.
Within the cost centres variable and fixed cost were distinguished (Table 1 ) and the cost behaviour of all cost categories was analysed. Variable cost rise proportionally with service units (e.g. any further patient) while fixed cost do not change [14, 27] . Drugs, for instance, are consumed proportionally to the number of patients and can be allocated directly to a particular patient or diagnosis. On the other hand, the cost for equipment are fixed and will not increase if more patients are hospitalised. Consequently, the average fixed cost per patient will decrease with a growing occupancy as the cost are distributed among more patients (fixed cost degression).
Electricity was judged to be in parts fixed and in parts variable. On one hand, for example, the lightning needed for a 6-bed-bedroom does not depend on the number of patients occupying it (it remains the same, whether occupied by one person or by six persons). On the other hand, usage of medical devices accounts for a proportional rise in electricity with any further usage. Table 2 gives an overview of total cost in cost centres related to paediatric Malaria for the year 2005 [28] . Based on this data from the cost information system we estimated unit cost for the services along the standard pathway including ambulance transport from a rural health centre to the hospital, laboratory tests, a bed day at the paediatric ward, medical and nursing care per day, drugs and the administrative procedure per patient from the provider's point of view as described above. Figure 1 demonstrates the standard pathway of a paediatric Malaria patient in Nouna hospital. Although, the clinical perception of every patient is different, the series of sub-processes in the inpatient department is quite similar for almost all patients. The patient enters the paediatric ward, either because he is referred to the hospital by a rural health centre or because the relatives (usually parents) themselves decide to bring the child directly to the hospital. If necessary the hospitals ambulance is sent to fetch the child at the rural health centre. The first resources within the hospital are consumed by the consultation at the paediatric ward including anamnesis and physical examination. At the same time, registration involves the consumption of administrative time.
RESULTS
Depending on the general state and the Malaria symptoms the child is either admitted or treated as an outpatient. The standard treatment of an outpatient with milder Malaria is either Sulfadoxine/Pyrimethamine or Amodiaquine and an antipyretic agent in oral form. A thick blood film/blood smear is done at the laboratory to affirm the suspected diagnosis.
If the child is hospitalised an inpatient file is opened by the nurse or the physician and medical and nursing , The extra-ordinary high cost of the laboratory (54% on average) call for more analysis. A closer look reveals that the depreciation of equipment accounts for 64% of the total cost and that almost 88% of the laboratory cost are fixed cost (Figure 2) . Considering the manpower it can be estimated that the number of tests performed could be increased by a factor of at least four without bringing the laboratory staff to their capacity limit. The combination of high fixed cost and low utilisation rate explains why the actual cost are quite high.
User fees are shown in 2.88 US$ and inpatients pay 16.29 US$ in case of severe Malaria with anaemia and 13.37 US$ in case of neurological affection. This results in a cost-recovery rate of 43% for an outpatient and 27% and 18% for the inpatients. The low cost-recovery for Malaria with neurological affection is due to the fact that the examination of cerebrospinal fluid (CSF) is done within the scope of a research project about meningitis and therefore free of charge for the patient.
DISCUSSION
This paper investigates to calculate the cost of treating paediatric Malaria based on a standard pathway and activity-based costing as an example for an appropriate method to estimate the COI in a resource-poor setting.
Cost per case in Nouna district hospital are comparable to what was found in similar settings in Senegal and Kenya [6] [7] [8] . However, this should not mislead the management to assume that the situation in Nouna hospital is sound. Instead, there seems to be substantial wastage of resources, namely expensive devices and labour time of staff due to underutilisation. High expenditures at the laboratory in Nouna are particularly due to high fixed cost particularly for equipment. The hospital is, in general, in a rather poor condition. However, the laboratory's building is brand new and holds up-to-date equipment not yet written off. Consequently, this department has comparably high cost. In addition, the department is strongly underutilised.
What was shown exemplarily for the laboratory is also valuable for other cost centres. If the hospital utilisation rate increased from currently 20% to 80% (NB: an occupancy between 80 and 85% is internationally seen as a professional standards [18] ), the cost per inpatient would decrease to 34.59 US$ (paediatric Malaria with aenaemia) and 42.35 US$ (paediatric Malaria with neurological affection), whereas the cost for an outpatient visit would decrease to 3.95 US$. Cost per bed day at the paediatric ward (including building, equipment and overhead cost) would decline by 64% and laboratory cost would decline by 54% per patient. Figure 3 shows the cost for the standard treatment per patient against the occupancy rate.
Assuming that user fees per patient would not change in case of higher occupancy rates, cost-recovery would increase to 73% for outpatients and 47% (paediatric Malaria with anaemia) resp. 32% (paediatric Malaria with neurological affection) for inpatients.
The costing method applied might furthermore mask higher fixed cost for medical and nursing staff. As we allocated staff cost according to the time spent for a certain patient, we do not account the additional free time caused by the lack of patients. If we divided total staff cost at the paediatric ward or at the laboratory by the number of patients or tests, cost per unit would be even higher.
The low occupancy rates and general underutilisation of health care in Nouna health district [29] [30] [31] and Burkina Faso as a whole [32] lead to high average cost per patient especially for staff [11, 33] . To improve efficiency utilisation should be enhanced.
Possible reasons for low utilisation might be existing patients' dissatisfaction with the quality of health services [30, [34] [35] [36] leading to a preference towards traditional healers or self-treatment. Baltussen et al. [37] found that the quality of care perceived at Nouna hospital was even worse than that of rural health centres.
Further reasons for low utilisation rates might be the distance to the health care facilities, as well as the influence of financial barriers [31, 38] . Although longer distances to rural health centres can be avoided even in rural areas by appropriate planning [39] there does not seem to be an easy solution for the distance to the hospital.
User fees, on the other hand, were introduced according to the Bamako Initiative to make health care sustainable. Furthermore the correlation between better quality and increasing utilisation rates was shown by Litvack and Bodart [40] and Mariko [41] and was stronger than between abolition of user fees and utilisations rates. Thus management efforts have to focus on the quality of health care services in Nouna as elsewhere in SSA.
Our findings underline the results of other authors that a standard pathway is a useful tool not only for costing, but also to ameliorate the quality of care in cooperation with the health personnel [24, 42] by establishing a standardised sequence of interventions along the patient's hospital stay. Criteria should be defined under which investigations are required within predefined time-frames. Any performed investigation has a consequence for the ongoing treatment and if at a certain point the treatment does not show the expected effects alternatives are fore-1), 47. seen. Furthermore, prefabricated patient files based on the clinical pathway could be developed, which simplify documentation. Also, total cost can be estimated already at the moment of admission and provide planning reliability to the health care provider as well as to the patient or his accompanying relatives. In Guinea-Bissau, for instance, it was shown, that a standardised protocol for the management of paediatric Malaria can lead to a decrease in mortality and average hospital stay, when going along with monitoring and a financial incentive for the staff [43] .
CONCLUSIONS
Activity-based costing is an appropriate method to calculate the COI even in resource-poor settings and thus can be an important starting point to investigate inefficiencies.
Higher occupancy rates are the crucial point for a more proper resource allocation and a more efficient Malaria treatment in Nouna district hospital. Further development of the clinical pathway might be a positive incentive to improve quality of care and thereby render the hospital more attractive for the population to accentuate demand for modern healthcare. Increasing the utilisation of the district hospital would also help to make the hospital more sustainable as cost-recovery rates would considerably augment. Nevertheless, it is hardly possible that the hospital in its current configuration will break even.
A major share of total provider's cost is due to fixed cost. Increasing utilisation helps to lower average cost per case, ceteris paribus. Furthermore, unnecessary cost should also be avoided. For example before investing in new equipment for example at the laboratory, it should be verified if further devices are adequate for a district hospital in a developing country.
SHORTCOMINGS
We are aware that the suggested oral Malaria treatment changed lately to ACT (Artemisinin-based combination therapy) to control the growing resistance against antiMalaria agents [26] . This treatment option was not available at Nouna district hospital in the years 2005 and 2006. The introduction of ACT might slightly increase provider cost for drugs, but does probably not change total treatment costs substantially as drug cost stand only for a small part of total provider's cost.
It was not possible to evaluate the level of patients' unofficial payments. It is likely they do pay for better or faster treatment, especially since considerable "hidden cost" were discovered in other low-income countries [44] .
On the other hand, exemption mechanisms for indigents and pupils were also not considered when calculating total user fees and cost-recovery rate.
